Abstract Tetracotyle wayanadensis n. sp. (Digenea, Strigeidae) infecting different organs of six species of freshwater fishes, Haludaria fasciata (eye, buccal cavity), Amblypharyngodon melettinus (eye, buccal cavity), Aplochelus lineatus (operculum, heart, mesenteries), Pethia conchonius (brain), Parambassis thomassi (muscles, mesenteries) and Lepidocephalus thermali (mesenteries) collected from water bodies in the Wayanad region of the Western Ghats is described and illustrated. Tetracotyle wayanadensis n. sp. is new to the genus and is separated from its congeners on the basis of differences in morphology and morphometry. The present paper also describes the prevalence, intensity, mean abundance and sites of infection of the parasite in each host. The prevalence of infection of T. wayanadensis n. sp. in Haludaria fasciata is 7.5%, intensity of infection is 2.66 and mean abundance is 0.2; in Amblypharyngodon melettinus 10%, 6 and 0.6; in Aplochelus lineatus 12.2%, 6.2 and 0.76; in Pethia conchonius 7.14%, 5 and 0.36; in Parambassis thomassi 100%, 2 and 2; in Lepidocephalus thermali 10%, 2 and 0.2 respectively.
Introduction
Western Ghats is rich in freshwater fish diversity and endemism. Dhanukar et al. (2011) reported that 290 species of freshwater fishes belonging to 11 orders, 33 families and 106 genera were documented from the Western Ghats region, of which 189 species (65%) are endemic. Freshwater fishes act as potential hosts for adults as well as larval stages of digenetic trematodes. Hughes (1928) , Stunkard (1973) , Cone and Anders (1977) , Barson et al. (2008) and Gholami et al. (2011) studied Tetracotyle infection in freshwater fishes. Literature survey revealed that there are several studies on the genus Tetracotyle infecting freshwater fishes of India, which included that of Singh (1956) , Rai and Pande (1969) , Chakrabarti (1970a, b) , Chakrabarti and Baugh (1970) , Pandey (1971) , Baugh and Chakrabarti (1977) , Agarwal and Khan (1982) , Pandey and Tiwari (1983) , Tewari and Tyagi (1986) , Pandey and Pandey (2000) , Sheena and Janardanan (2008) and Vankara et al. (2011) . According to Pandey and Agarwal (2013) 29 species of this genus have been described from freshwater fishes of India. Shini et al. (2015) reported a species of Tetracotyle infecting cyprinid fish, Devario malabaricus (Jerdon) from Kerala. Gupta (2016) reported two new species of Tetracotyle (Tetracotyle bhopalensis and Tetracotyle mauensis) from Indian freshwater food fishes.
The paper describes the morphological features and taxonomic status of a new species of digenetic trematode metacercaria, Tetracotyle wayanadensis n. sp. infecting brain, heart, eyes, buccal cavity, operculum, muscles and mesenteries of freshwater fishes collected from different water bodies in the Wayanad region of the Western Ghats. It also describes the prevalence, intensity, mean abundance and sites of infection of the parasite in each host and discussed.
Materials and methods

Study area
The study was carried out in the Wayanad region of the Western Ghats. Western Ghats of India is considered as one of the 34 global biodiversity hotspots owing to its rich biodiversity and endemism. The map of the study area ( Fig. 1 ) was prepared using QGIS 2.16.1 software.
Methods
Host specimens were collected from hill streams, small rivulets and ponds in different localities, using sweep net. The collected fishes were brought alive to the laboratory in suitable containers and maintained in clean, aerated glass tanks or aquariums. Fishes were fed occasionally with cooked rice, fish meal or biscuit crumbs. Fishes were sacrificed by cervical rupture and their scales, skin, gills, gill chambers and eyes were examined under a Labomed (Luxeo 4Z) stereozoom microscope for larval digeneans. Skin was removed, and muscle tissues were macerated to detect the metacercariae, if any. Internal organs like heart, liver, gall bladder, pancreas, intestine, kidney, urinary bladder, swim bladder, gonads and brain were dissected out, placed in separate petri dishes containing 0.75% saline, macerated and examined under the stereozoom microscope. Metacercariae, when present, were carefully transferred to 0.75% saline in a petri dish. Metacercarial cysts were mounted on a slide with saline and examined under a Nikon ECLIPSE Ni-U phase contrast research microscope (Nikon, Japan) for detailed study. Larvae were excysted either by rupturing the cyst wall with fine needles or by mounting them under cover glass and applying gentle pressure using fine needles. The excysted larvae were studied under the phase contrast microscope without vital staining or with neutral red or methylene blue stains. Permanent whole mounts of excysted larvae were prepared by fixing them in 5% formalin under slight cover glass pressure, and staining with acetocarmine, following the procedure outlined by Cantwell (1981) . Photographs were taken with Nikon Y-TV55 camera and Nikon NIS Elements imaging software. Figures were drawn with Nikon Y-IDT drawing tube and measurements (in lm) were taken with Nikon NIS Elements imaging software.
Results
Tetracotyle wayanadensis n. sp. (Fig. 2) Cyst oval, single-layered, thin, transparent, devoid of pigments. Body aspinose, broadly oval, divided into fore-and hind-bodies.
Fore (Table 2) vary with host species. Prevalence of infection and mean abundance appeared higher in Parambassis thomassi, whereas intensity was higher in Aplochelus lineatus among the host fishes studied.
Discussion
The genus Tetracotyle was established by De Filippi in 1854. Hoffman (1960) described the salient features of Tetracotyle De Fillipi, 1854. Tetracotyle spp. mainly parasitizes intestine, mesenteries, muscles, liver, ovary, cranial cavity, pericardium, gills, subcutaneous tissue and fin of freshwater fishes. Ashworth and Bannerman (1927) reported Tetracotyle phoxini in the brain of a freshwater fish. Vankara and Chikkam (2013) studied Tetracotyle infecting heart tissue of the freshwater fish, Mastacembelus armatus.
Thirty two species of Tetracotyle have been described from freshwater fishes of India so far. T. sophoriensis (Singh, 1956) , T. indicus (Singh, 1956) , T. ujjainensis (Trivedi, 1964) , T. mesentriformis (Rai and Pande, 1964) , T. gorakhpurensis (Rai and Pande, 1969) , T. fausti (Rai and Pande, 1969) , T. mathuraensis (Rai and Pande, 1969) , T. szidati (Chakrabarti and Baugh, 1970) , T. xenentodoni (Chakrabarti, 1970a) , T. muscularis (Chakrabarti, 1970b) , T. glossogobii (Chakrabarti, 1970c) , T. lali (Pandey, 1970) , T. lucknowensis (Pandey, 1971) , T. singhi (Pandey, 1973) , T. baughi (Pandey, 1973) , T. tandoni (Pandey, 1973) , T. aglandulata (Baugh and Chakrabarti, 1977) , T. gyanpurensis (Agarwal and Singh, 1980) , T. pandei (Agarwal and Khan, 1982) , T. srivastavai (Agarwal and Khan, 1982) , T. ramalingi (Agarwal and Khan, 1982) , T. simhai (Pandey and Tiwari, 1983) , T. sanjivi (Pandey and Tiwari, 1983) , T. fotedari (Pandey and Tiwari, 1983) , T. satendri (Tewari and Tyagi 1986) , T. kalyani (Pandey and Pandey, 2000) , T. satyapali (Pandey and Pandey, 2000) , T. janardani (Sheena and Janardanan, 2008) , Tetracotyle sp. 1 (Vankara et al. 2011) , Tetracotyle sp. (Shini et al. 2015) , Tetracotyle bhopalensis (Gupta, 2016) and Tetracotyle mauensis (Gupta, 2016) .
The present species exhibits similarities with T. tandoni, T. lucknowensis and Tetracotyle sp. (Table 1 ). It differs from T. tandoni in various morphological features and morphometry like presence of cyst, length to width ratio of body, size and shape of oral sucker, size of ventral sucker, absence of hold fast gland, length of ceacae and position of gonads. The present species deserves comparison (Table 1) with T. lucknowensis also. In spite of the similarities, it differs from T. lucknowensis in many morphological features and morphometry including the ratio of body length to width, size and shape of oral sucker, size of ventral sucker, and position & nature of gonads. Table 1 Comparison of morphologic and morphometric characters of T. tandoni, T. lucknowensis, Tetracotyle sp. and T. wayanadensis n. sp Characters T. tandoni (Pandey, 1973) T. lucknowensis (Pandey, 1971) Tetracotyle sp. (Shini et al., 2015) T. wayanadensis n. sp. The present species shows some similarities with Tetracotyle sp. Shini et al. 2015 too. It differs from Tetracotyle sp. in many morphological features and morphometry like the number of layers on the cyst wall, size of body, oral sucker, accessory suckers, and holdfast organ, absence of holdfast gland, shape and size of pharynx and length of ceacae.
Apart from the above, the hosts of the present species are different and are from different geographical region. Moreover, the present species has been recovered from six species of fishes; Haludaria fasciata, Amblypharyngodon melettinus, Aplochelus lineatus, Pethia conchonius, Parambassis thomassi and Lepidocephalus thermali.
Parasites often exploit more than one host species at any given stage in their life cycle (Poulin 1992) . In the present study six fish species serve as hosts and the parasites are unevenly distributed in different organs of these hosts. The ability to exploit many host species is often associated with a lower average efficiency of host exploitation (Poulin 2005) . According to Galaktionov and Dobrovolskij (2003) the metacercaria larvae settle in different biotopes in the host body. They also pointed out that the strigeidids parasitizing fish can use almost all tissues/organs of the host fish possible. The present study agrees with Galaktionov and Dobrovolskij (2003) .
The result may also indicate that the ecological similarity among host species was a reason for the parasite to choose more than one host. From an ecological perspective, some host species are parasitised more intensely than others. That is, the prevalence, intensity, or abundance of infection by a particular parasite differs among its host species (Poulin and Mouillot 2005) . In the present study prevalence, intensity and abundance of infection varied with host species and, therefore, is in agreement with the findings of Poulin and Mouillot (2005) . Variation in infection levels, such as prevalence, intensity and abundance, by a parasite among its different host species may also reflect parasite specialization (Poulin 2005) .
